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METHODS AND APPARATUS FOR TREATING AGRICULTURAL WASTE 
AND PRODUCING PLANT GROWTH-ENHANCING MATERIAL 

CROSS-REFERENCE TO RELATED APPLICATIONS 
[0001] This application is a continuation-in-part of U.S. Patent Application Serial 
No. 10/400,963 filed March 27, 2003, which is a continuation-in-part of U.S. Patent 
Application Serial No. 10/308,607 filed December 2, 2002. The 10/308,607 application 
is a continuation-in-part of U.S. Patent Application Serial No. 09/924,791 filed August 8, 
2001, which claims the benefit of U.S. Provisional Patent Application Serial No. 
60/291,165 filed May 15, 2001. The 10/308,607 application is also a continuation-in-part 
of U.S. Patent Application Serial No. 09/729,039 filed December 4, 2000, now U.S. 
Patent No. 6,488,850 issued December 3, 2002, which is a continuation-in-part of U.S. 
Patent Application Serial No. 09/275,320 filed March 24, 1999, now U.S. Patent No. 
6,245,235 issued June 12, 2001, which is a continuation-in-part of U.S. Patent 
Application Serial No. 08/767,750 filed December 17, 1996, now U.S. Patent No. 
5,888,396 issued March 30, 1999. The 09/729,039 application also claims the benefit of 
U.S. Provisional Patent Application Serial No. 60/234,482 filed September 22, 2000. 

[0002] This application is also a continuation-in-part of U.S. Patent Application 
Serial No. 10/282,891, Publication No. 20030084609, filed October 29, 2002 and 
published May 8, 2003, which claims the benefit of U.S. Provisional Patent Application 
Serial No. 60/334,981, filed October 31, 2001. 

[0003] This application is also a continuation-in-part of U.S. Patent Application 
Serial No. 10/308,607, Publication No. 20030136735 filed December 2, 2002, which is a 
continuation-in-part of U.S. Patent Application Serial No. 09/924,791 filed August 8, 
2001, which claims the benefit of U.S. Provisional Patent Application Serial No. 
60/291,165 filed May 15, 2001. The 10/308,607 application is also a continuation-in-part 
of U.S. Patent Application Serial No. 09/729,039 filed December 4, 2000, now U.S. 
Patent No. 6,488,850 issued December 3, 2002, which is a continuation-in-part of U.S. 
Patent Application Serial No. 09/275,320 filed March 24, 1999, now U.S. Patent No. 
6,245,235 issued June 12, 2001, which is a continuation-in-part of U.S. Patent 
Application Serial No. 08/767,750 filed December 17, 1996, now U.S. Patent No. 
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5,888,396 issued March 30, 1999. The Serial No. 09/729,039 application also claims the 
benefit of U.S. Provisional Application Serial No. 60/234,482 filed September 22, 2000. 

[0004] All of the foregoing applications and patents are incorporated herein by 
reference. 

FIELD OF THE INVENTION 
[0005] The present invention provides methods and apparatus for treating 
agricultural waste with an alkane substrate such as butane, propane, ethane and/or 
methane to stimulate bacterial digestion. The alkane treatment may also be used to 
reduce odor associated with the agricultural waste. The present invention also provides 
methods and apparatus for recovering plant growth-enhancing material from the alkane- 
treated agricultural waste and for treating soil with alkane-utilizing bacteria and/or an 
alkane substrate and a carrier to improve plant growth, e.g., increase seed germination 
and growth, bulb growth, crop growth, crop production, and the like. 

BACKGROUND INFORMATION 

[0006] Farms and other facilities produce various types of agricultural waste. For 
example, many farms with livestock are equipped with a slurry tank for animal manure 
and urine wastes. The animal waste stored in the slurry tanks may be used to enrich or 
fertilize crop-producing fields. The odor from these slurry tanks, which is often due to 
bacterial decomposition of organic matter, can be a major nuisance. 

[0007] A need exists for the effective treatment of agricultural waste products, 
and for the reduction of odors generated from such waste products. In addition, it is 
desirable to enhance the growth of agricultural crops and other types of plants. The 
present invention has been developed in view of the foregoing. 

ST JMMARY OF THE INVENTION 
[0008] In accordance with the present invention, methods and apparatus are 
provided for treating agricultural waste with an alkane substrate to stimulate bacterial 
digestion. The alkane treatment may also reduce odors generated by agricultural waste. 
In a preferred embodiment, the alkane substrate comprises butane, however, other 
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alkanes such as propane, ethane and methane may also be used. The present invention 
also provides methods and apparatus for recovering plant growth-enhancing material 
from the treated agricultural waste and applying the growth-enhancing material to soil, 
e.g., to increase seed, bulb, plant, and crop growth. The agricultural waste may include 
animal waste, vegetable material, leaf material, plant material, composting material, or 

waste paper products. 

[0009] An aspect of the present invention is to provide a method for treating 
agricultural waste. The method includes introducing an alkane substrate to the waste to 
stimulate the growth of alkane-utilizing bacteria which at least partially digest the 
agricultural waste. 

[0010] Another aspect of the present invention is to provide an apparatus for 
treating agricultural waste. The apparatus includes a waste containment vessel, a source 
of alkane substrate, and an alkane injector line in flow communication with the waste 
containment vessel and source of alkane substrate. 

[001 1 ] A further aspect of the present invention is to provide an apparatus for 
treating agricultural waste including means for introducing an alkane substrate into the 
agricultural waste to at least partially digest the agricultural waste. 

[0012] Another aspect of the present invention is to provide a method for 
producing plant growth-enhancing material. The method includes introducing an alkane 
substrate to agricultural waste to stimulate the growth of alkane-utilizing bacteria which 
at least partially digest the waste, and recovering plant growth-enhancing material 
comprising at least partially digested agricultural waste. 

[0013] Another aspect of the present invention is to provide a plant growth- 
enhancing material comprising alkane-utilizing bacteria and a carrier material such as 
partially digested agricultural waste or water. 

[0014] A further aspect of the present invention is to provide a plant growth- 
enhancing material comprising an alkane substrate and a carrier material such as partially 
digested agricultural waste or water. 

[001 5] Another aspect of the present invention is to provide a method for treating 
soil to enhance plant growth by applying alkane-utilizing bacteria and a carrier material 
such as agricultural waste and/or water to the soil. 
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[001 6] A further aspect of the present invention is to provide a method for 
treating soil to enhance plant growth by applying an alkane substrate and a carrier 
material such as agricultural waste and/or water to the soil. 

[001 7] Another aspect of the present invention is to provide a method of 
enhancing plant growth, the method comprising introducing alkane-utilizing bacteria into 
a location adjacent to a plant. 

[001 8] Another aspect of the present invention is to provide a method of 
enhancing plant growth, the method comprising introducing an alkane substrate and a 
carrier material into a location adjacent to a plant. 

[0019] These and other aspects of the present invention will be more apparent 
from the following description. 



RKTF.F DESCRIPTION OF THF. DRAWINGS 

[0020] Fig. 1 is a schematic diagram depicting a process for alkane treatment and 
beneficial reuse of agricultural waste. 

[0021] Fig. 2 is a schematic diagram depicting experimental vessels for enhanced 
plant growth using butane biostimulation. 

[0022] Fig. 3 is a photograph showing experimental vessels for enhanced plant 
growth using butane biostimulation and Gladioli bulbs. 

[0023] Fig. 4 is a photograph of a control Gladioli bulb and butane enhanced 

Gladioli bulbs. 

[0024] Fig. 5 is a photograph showing experimental vessels for butane enhanced 

sunflower plant growth in sand. 

[0025] Fig. 6 is a photograph of a control seed and a butane enhanced seed for 
butane enhanced sunflower plant growth in sand. 

[0026] Fig. 7 is a photograph of seed germination for butane enhanced sunflower 

plant growth in sand. 

[0027] Fig. 8 is a photograph of the roots of a control plant and a butane enhanced 
plant for butane enhanced sunflower plant growth in sand. 

[0028] Fig. 9 is a photograph showing experimental vessels for butane enhanced 
corn growth in sand using butanated water. 
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[0029] Fig. 10 is a schematic diagram showing the devices used to add butanated 
water for butane enhanced corn growth in sand using butanated water. 

[0030] Fig. 1 1 is a photograph showing control and butanated water seed growth 
for butane enhanced corn growth in sand using butanated water. 

[0031] Fig. 12 is a photograph showing control and butanated water root growth 
for butane enhanced corn growth in sand using butanated water. 

[0032] Fig. 13 is a photograph showing control, butanated water, and butane gas 
injection root growth for butane enhanced com growth in sand using butanated water. 

DETAILED DESCRIPTION 
[0033] In accordance with the present invention, an alkane substrate is introduced 
into agricultural waste to treat the waste by stimulating bacterial digestion. The alkane 
substrate may also reduce odors generated from the agricultural waste. Plant growth- 
enhancing material may be recovered from the treated agricultural waste and applied to 
soil to increase plant growth, e.g., seed, bulb, plant, and crop growth. The agricultural 
waste may include, among other things, animal waste such as manure and urine, 
vegetable material, leaf material, plant material, composting material, or waste paper 
products. For example, the animal waste may comprise animal manure and/or urine, such 
as cow manure, cattle manure, horse manure, sheep manure, pig manure, goat manure, 
and urine from such animals, as well as chicken and turkey waste. Vegetable, leaf, and 
plant material may include any substance that contains the organic part of a vegetable, 
leaf, or plant. Composting material may originate from any sources, whether agricultural, 
industrial, or domestic. Waste paper product may include any packaging, cardboard, 
waste paper, or cellulose-based product. 

[0034] The alkane may include butane, propane, methane, and/or ethane, with 
butane being preferred. As used herein, the term "alkane substrate" includes any solid, 
liquid, or gas in which an alkane is present in sufficient amounts to stimulate the growth 
of alkane-utilizing bacteria or treat odors of agricultural waste. 

[0035] In accordance with an embodiment Of the present invention, the 
introduction of an alkane substrate to agricultural waste increases the activity of alkane- 
utilizing bacteria in the waste, which in turn may destroy odors through enzymatic 
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reactions. Because odor-reducing bacteria may coexist within populations of odor- 
causing bacteria, the alkane substrate may stimulate the production of bacterial enzymes 
that degrade daughter or breakdown compounds responsible for odors. In addition, the 
alkane itself may directly serve as a deodorizer. Butane, for example, is a large non- 
planar four carbon molecule. While not intending to be bound by any particular theory, 
the butane molecular structure, reactive surface area, and size may play a key role in 
causing butane to destroy and/or remove odors from solid, liquid, and gaseous/air 
environments. In an aqueous or non-aqueous environment, butane in gaseous or liquid 
form may remove odors by chemically reacting, counteracting, absorbing, adsorpting, 
neutralizing and/or dissolving odors and toxic gases, which are unpleasant to humans and 
animals. For example, butane may act as a gaseous carbon scrubber for many odors. 

[0036] In accordance with another embodiment of the present invention, plant 
growth-enhancing material is recovered from agricultural waste that has been treated with 
an alkane substrate. When an alkane substrate (and optionally air or water) is introduced 
into organic waste, it may stimulate the growth of alkane-utilizing bacteria resulting in an 
increase in the bacterial population. The addition of such beneficial microorganisms to a 
soil mix, growing bed, or crop may enhance plant growth, e.g., help prevent disease, and 
increase nutrient uptake, growth and development, and tolerance to stresses such as cold, 
heat and drought. Thus, the treated agricultural waste itself becomes a material that can 
be used as a plant growth-enhancing additive for seeds, bulbs, plants and crops. 

[0037] In accordance with a further embodiment, an alkane substrate and/or alkane- 
utilizing bacteria, may be applied to soil along with a carrier material, such as agricultural 
waste or water, to enhance plant growth. In a particular embodiment, alkane-treated 
agricultural waste is applied to soil that is located within a crop-producing field. Alkanes 
provide a food source for naturally occurring bacteria in the soil, thereby stimulating microbial 
activity and growth. 

[0038] Plant roots provide suitable habitats for the growth of microorganisms, and 
particularly high numbers of diverse microbial populations are found on and surrounding plant 
roots in the rhizosphere (i.e., the root zone). Interactions between soil microorganisms and 
plant roots satisfy important nutritional requirements for both the plant and the associated 
microorganisms. Microbial populations in the rhizosphere may benefit the plant in a variety 



66166W1 



of ways, including increased recycling and solubilization of mineral nutrients; synthesis of 
vitamins, amino acids, auxins and gibberellins, which stimulate plant growth; and antagonism 
with potential plant pathogens through competition and development of amensal relationships 
(detrimental to one while not adversely affecting the other) based on the production of 
antibiotics. 

[0039] Soil organic matter (SOM) is an accumulation of dead plant matter, partially 
decayed and partially resynthesized plant and animal residues, and live microbial and root 
matter. The SOM contributes to plant growth through its effects on the chemical, biological 
and physical properties of soil. SOM supplies nitrogen, phosphorus and sulfur for plant 
growth, serves as an energy source for soil microfloral and macrofaunal organisms, and 
promotes good soil structure. SOM content is directly related to the sorption of most 
herbicides and many organic compounds. Organic chemicals associate with the organic 
fraction of soils. Thus, SOM content strongly influences pesticide behavior in soil, including 
effectiveness against target species, phytotoxity to subsequent crops, teachability, volatility 
and biodegradability. Applying alkane-treated agricultural waste to the soil may increase 
SOM. 

[0040] Humus is the organic portion of the soil remaining after microbial 
decomposition. Humus is a complex and rather microbially resistant mixture of brown to 
black, amorphous and colloidal substances modified from the original plant tissues or 
resynthesized by soil microorganisms. Humus affects soil structure. Aeration, water holding 
capacity and permeability are all favorably affected by humus. The application of alkane- 
treated agricultural waste will lead to an increase in soil microorganisms, which will lead to an 
increase in soil humus content. 

[0041] Enhanced plant growth in accordance with the present invention may be 
achieved by several different routes. Increases in alkane-utilizing bacteria may result in an 
increase in enzymes, nutrients and biochemical reactions/interactions with SOM and humus 
that lead to the formation of additional compounds that are beneficial to plants. Addition of 
alkane-treated agricultural waste may also lead to improvement in soil properties such as soil 
structure, aeration, water holding capacity and permeability, as well as the improved 
performance of herbicides, fungicides, pesticides and other agricultural chemicals. 
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[0042] The increases in soil bacteria and cell respiration due to the alkane-treated 
waste may lead to increased amounts of carbon dioxide available to plants, which is used 
directly by plants during photosynthesis. Furthermore, alkanes in the root zone may also 
provide a direct benefit as a nutrient to plants. 

[0043] Increased root growth due to the alkane-treated waste may enable plants to 
reach groundwater at greater depths and thus enable them to thrive under more harsh 
conditions, and in areas/climates where plants have not previously been able to thrive, or in 
less than optimal soil conditions. 

[0044] Increased plant growth/plant size due to the alkane-treated waste may also lead 
to increased quantities of fruit, flowers, vegetables, legumes or grains produced by individual 
plants, or to increased size of individual fruit, flowers, ornamental flowers, vegetables, 
legumes or grains produced by plants. 

[0045] Increased rate of seed germination due to the alkane-treated waste may lead to 
increased numbers of plants produced by an individual seeding/planting event. 

[0046] Increased plant ability to resist pests, diseases, lethal bacteria and fungi due to 
the alkane-treated waste may lead to an increased survival rate of plants that will result in 
increased production of plants, fruit, flowers, vegetables, legumes or grains during a growing 
season. Furthermore, increased plant ability to endure stress due to the alkane-treated waste, 
such as cold, heat or drought, may lead to a longer growing season. Increased plant size or 
number of plants due to the alkane-treated waste may also lead to increased production of 
oxygen in the atmosphere resulting from die process of photosynthesis. 

[0047] Increased rate of plant growth due to the alkane-treated waste may lead to an 
increased number of possible cycles of individual seedings/planting events followed by 
growth period and harvesting events within an individual growing season, with the possibility 
of producing the outcome of two growing seasons in one. 

[0048] In accordance with the present invention, the alkane-treated waste may be 
applied as a solid, liquid, or slurry. It may be applied alone, simultaneously or intermittently 
with other nutrients or chemicals. 

[0049] The alkane-treated waste may be used on all soil types, including soil-less 
mixtures used for growing plants. It may be applied to plants grown outdoors or in 
greenhouses, to hydroponic and aeroponic growing systems, which use no soil, to aquatic 
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growing systems, such as seaweed or kelp beds, or to semi-aquatic growing systems or fields, 
such as puddled rice fields or paddies. 

[0050] The present method may be applied to all plants, grasses, trees, shrubs, vines, 
fruit, flowers, legumes, grains and mosses in the Kingdom Plantae, for example, flowering 
monocot and dicot plants (phyla Angiospermophyta, class Monocotyledoneae, class 
DicotylodoneaeJ; conifers (phyla Ginkgophyta, Gnetophyta, Cycadophyta and 
Coniferophyta); non vascular plants including mosses (phylum Bryophyta), liverworts 
(phylum Hepatophyta), hornworts (phylum Anthoceraphyta)\ and ferns (phyla Filicinophyta, 
Sphenophyta, Lycodophyta and Psilophyta). 

[0051] Many farms with livestock are required to construct a slurry tank for 
animal manure and urine wastes. The odor wafting from these slurry tanks, which is 
often due to bacterial decomposition of organic matter, can be a nuisance for neighboring 
residences. In a preferred embodiment, butane may be injected into a slurry tank to 
control and abate malodors emanating from the animal waste. The butane may be mixed 
with an oxygen-containing gas, e.g., air, oxygen blended with inert gases such as helium, 
argon, nitrogen, carbon monoxide, and the like, or pure oxygen, to further stimulate the 
activity of butane-utilizing bacteria. 

[0052] In addition, farms with livestock and slurry tanks are mandated by federal 
law to enrich or fertilize crop-producing fields with animal waste stored in the slurry 
tanks. In another preferred embodiment, butanated water may be injected into a slurry 
tank to increase the population of butane-utilizing bacteria in the wastestream, which may 
then be added to crop-producing fields to comply with federal regulations. The butane- 
utilizing bacteria contained in the slurry tank mixture will essentially inoculate and 
pretreat the fields, germinating seeds and/or the rhizosphere, and thereby increasing 
agricultural yields and enhancing plant growth and other plant attributes. 

[0053] Fig. 1 depicts a process and apparatus for alkane treatment and beneficial 
reuse of agricultural waste. A waste containment vessel 10, such as a slurry tank, stores 
agricultural waste, e.g., animal manure and urine. An alkane storage tank 1 1, which 
stores a source of alkane substrate in either gaseous or liquid form, supplies the alkane 
substrate to the waste containment vessel 10 through alkane injector line 12 to stimulate 
microbial digestion of the agricultural waste. The alkane substrate also reduces odors 
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from the agricultural waste. An optional source of oxygen-containing gas 13, e.g., air, 
may be fed to the waste containment vessel 10 through an air injector line 14 if aerobic 
treatment is desired. An optional source of water 15 may also be fed to the waste 
containment vessel 10 through water injector line 16 to moisten the waste or make the 
waste into a slurry. Treated waste is transported from the waste containment vessel 10 
through an outlet line 17. The treated waste may be delivered for aboveground 
distribution 18 to a crop-producing field 19. Alternatively, the treated waste may be 
delivered to the field 19 using an underground injection distribution network 20. 
Alternatively, the injection distribution network 20 may be located on or above the 
ground. The injection distribution network 20 may deliver the waste to the field either 
continuously or intermittently. For example, injections may occur hourly, daily, monthly, 
etc. in order to optimize plant growth. 

[0054] Some alkane-utilizing bacteria in accordance with the biostimulation 
methods of the present invention may include the following Groups (in addition to fungi, 
algae, protozoa, rotifers and other aerobic and anaerobic microbial populations found in 
decaying materials): 



Group 1 : 
Group 2: 

Group 3: 
Group 4: 
Group 5 : 
Group 6: 
Group 7: 
Group 8: 
Group 10 
Group 1 1 
Group 12 
Group 13 
Group 14 
Group 15 
Group 16 
Group 17 
Group 18 
Group 19 
Group 20 
Group 21 



The Spirochetes 

Aerobic/Microaerophilic, motile, helical/vibroid, gram-negative 
bacteria 

Nonmotile (or rarely motile), gram-negative bacteria 
Gram-negative aerobic/microaerophilic rods and cocci 
Facultatively anaerobic gram-negative rods 
Gram-negative, anaerobic, straight, curved, and helical bacteria 
Dissimilatory sulfate- or sulfur-reducing bacteria 
Anaerobic gram-negative cocci 
Anoxygenic phototrophic bacteria 
Oxygenic phototrophic bacteria 

Aerobic chemolithotrophic bacteria and associated organisms 
Budding and/or appendaged bacteria 
Sheathed bacteria 

Nonphotosynthetic, nonfruiting gliding bacteria 
The fruiting, gliding bacteria and the Myxobacteria 
Gram-positive cocci 

Endospore- forming gram-positive rods and cocci 
Regular, nonsporing, gram-positive rods 
Irregular, nonsporing, gram-positive rods 
The mycobacteria 



Groups 22-29: The actinomycetes 
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Group 22: Nocardioform actinomycetes 

Group 23 : Genera with multiocular sporangia 

Group 24: Actinoplanetes 

Group 25: Streptomycetes and related genera 

Group 26: Maduromycetes 

Group 27: Thermomonospora and related genera 

Group 28: Thermoactinomycetes 

Group 29: Genus Glycomyces, Genus Kitasatospira and Genus Saccharothrix 

Group 30: The Mycoplasmas - cell wall-less bacteria 

Group 3 1 : The Methanogens 

Group 32: Archaeal sulfate reducers 

Group 3 3 : Extremely halophilic, archaeobacteria (halobacteria) 

Group 34: Cell wall-less archaeobacteria 

Group 3 5 : Extremely thermophilic and hyperthermophilic S -metabolizers 

[0055] In addition to the above-listed bacteria examples, facultative anaerobes 
and microaerophilics, which are bacteria capable of surviving at low levels of oxygen, 
may also be used in accordance with the present invention. They do not require strict 
anaerobic conditions such as the obligate anaerobes. Examples include acidophilic, 
alkaliphilic, anaerobe, anoxygenic, autotrophic, chemolithotrophic, chemoorganotroph, 
chemotroph, halophilic, methanogenic, neutrophilic, phototroph, saprophytic, 
thermoacidophilic and thermophilic bacteria. Algae and fungi may also be included as 
alkane-utilizing bacteria in accordance with the present invention. 

[0056] The following examples illustrate various aspects of the prevent invention, 
but are not intended to limit the scope of the invention. 

Example 1 
Gladioli Bulb Experiment 
[0057] Four Nalgene plastic vessels (two for butane enhanced growth and two for 
controls), each approximately 11 cm. in diameter and 12 cm. deep, were prepared with 
three 0.4 cm drainage holes drilled in each base. Fig. 2 depicts one control vessel 21 and 
one butane enhanced growth vessel 22. Each butane enhanced growth vessel 22 was 
prepared with a 12 cm section of Teflon tubing 23 and connected at one end to a syringe 
port 24 equipped with Teflon-coated septum for injections of butane 25 using a syringe 
26. Nine butane injection holes 30 were placed at 1 cm intervals along the tubing 23 
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inside the vessel 22. Each vessel was filled with approximately 800 cm 3 of Pro-Mix™ 
Potting Soil 31. 

[0058] Each vessel contained one Gladioli bulb 32 placed at a depth of 10 cm 
below soil surface. Fig. 3 is a photograph showing the bulbs and vessels. Each vessel 
was then watered with 100 ml spring water and positioned on its own drainage tray on a 
shelf approximately 60 cm below two 33 watt grow light tubes (no sunlight) equipped 
with a timer set for 16 hours light on, 6 hours light off. 

[0059] Ambient temperature was recorded, water was sprinkled evenly over the 
soil surface of each vessel, and n-butane was injected into the root zone (rhizosphere) 
through the syringe port of the butane enhanced growth vessel according to the regimen 
shown in Table 1. 



Table 1 

Butane Injection Schedule - Gladioli Bulb Experiment 



Day No. 


Time 


Volume of Butane 


Water Added 


Ambient 
Temperature 


1 


19:28 


100 ml 


100 ml 


20° C 


2 


19:22 


100 ml 


100 ml 


20° C 


3 


19:25 


100 ml 


none 


16.5° C 


4 


13:39 


100 ml 


none 


18.5° C 


5 










6 


19:30 


100 ml 


none 


18.5° C 


7 


18:30 


100 ml 


none 


19.0° C 


8 










9 


19:00 


100 ml 


50 ml 


20.0° C 


10 


18:30 


100 ml 


None 


20.0° C 


12 


19:30 


200 ml 


None 


20.0° C 


14 


16:30 


100 ml 


50 ml 


20.0° C 


15* 


20:00 


100 ml 


none 


19.0° C 


16 


15:00 


120 ml 


100 ml 


20.5° C 


18 


11:30 


120 ml 


None 


19.5° C 


19 


The experiment was halted. Liquid butane injected into the rhizosphere killed the 
growing plants. 



not recorded 



* first sign of growth above the soil surface 
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Example 2 
Gladioli Bulb Experiment 

[0060] Since the Gladioli plants were killed by liquid butane injection, a new 
growth experiment was initiated. Once again, four Nalgene plastic vessels (two for 
butane enhanced growth and two for controls), each approximately 11 cm. in diameter 
and 12 cm. deep, were prepared with three 0.4 cm drainage holes drilled in each base. 
Each butane enhanced growth vessel was prepared with a 12 cm section of Teflon tubing 
as and connected at one end to a syringe port equipped with Teflon-coated septum for 
butane injections through a syringe. Nine butane injection holes were placed at 1 cm 
intervals along the tubing inside the vessel. Each vessel was filled with approximately 
800 cm 3 of Pro-Mix™ Potting Soil (see Fig. 2 and Fig. 3). 

[0061] Each vessel contained one Gladioli bulb placed at a depth of 10 cm below 
soil surface. Each vessel was then watered with 100 ml spring water and positioned on 
its own drainage tray on a shelf approximately 60 cm below two 33 watt grow light tubes 
(no sunlight) equipped with a timer set for 16 hours light on, 6 hours light off. 

[0062] Ambient temperature was recorded, water was sprinkled evenly over the 
soil surface of each vessel, and n-butane was injected into the root zone (rhizosphere) 
through the syringe port of the butane enhanced growth vessel according to the regimen 



shown in Table 2. 

Table 2 

Butane Injection Schedule - Gladioli Bulb Experiment 



Day No. 


Time 


Volume of Butane 


Water Added 


Ambient 
Temperature 


1 


17:30 


60 ml 


100 ml 


20° C 


2 


15:00 


60 ml 


100 ml 


20° C 


3 


15:20 


60 ml 


100 ml 


20.0° C 


4 


11:20 


60 ml 


100 ml 


19.0° C 


6 


14:00 


60 ml 


100 ml 


21.0° C 


7 


17:15 


60 ml 


none 


21.0°C 


8 


13:15 


60 ml 


none 


21.0°C 


9 


15:15 


145 ml 


50 ml 


21.0° C 


10 


19:00 


145 ml 


none 


21.0° C 



66166W1 



- 14- 



13 


10:45 


150 ml 


none 


19.0° C 


14* 


20:00 


150 ml 


none 


20.0° C 


15 


13:45 


150 ml 


100 ml 


22.0° C 


16 


20:45 


150 ml 


none 


20.0° C 


17 


19:05 


180 ml 


50 ml 


20.0° C 


18 


15:30 


150 ml 


none 


23.0° C 


19 


13:59 


120 ml 


none 


23.0° C 


20 










21 




Experiment halted and bulbs unearthed. 



* first sign of growth above the soil surface 



[0063] On Day No. 1 8, all four plants (two butane enhanced growth and two control) 
were unearthed to the extent possible without damaging the root system to reveal the root bulb 
(Fig. 4). 

[0064] Two of the plants shown in Fig. 3 (the two on the right) had undergone 
butane enrichment for a period of 17 days. The left plant was the control. The second 
control (not shown) was nearly identical to the one shown. The root development in the 
two butane enrichment bulbs was greater than the root development in the control plant. 
All three plants were Gladioli and the bulbs used for the experiment were of very similar 
size and growth development prior to beginning the experiment. Of special note is the 
bifurcation noted in the butane enhanced bulbs. This is extremely unusual for bulb 
growth and development. In most normal growth circumstances, the primary shoot 
extends above the soil line before bifurcating and the secondary shoot extends off of the 
primary shoot. They do not extend directly from the bulb sphere. By injecting with 
butane gas, the bulbs were apparently conditioned to grow two plants. All of the butane 

enhanced shoots grew directly from the bulb sphere. 

[0065] As shown in Table 3, the butane-enhanced bulbs each grew to a maximum of 

27.0 cm and 29.0 cm in height for the primary shoots and 14.0 and 23.0 cm for the secondary 

shoots. The control plants reached heights of 22.0 cm and 28.0 cm on the final day of growth. 

However, it should be noted that the butane enhanced bulbs supported the growth of two 

plants as opposed to one. 
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Table3 



Seedling Height 



Day No. 


Butane Bulb 1 


Butane Bulb 2 


Control 
Bulb 2 


Control 
Bulb 2 


1 


5.0 cm 


Main shoot 7.0 cm 
Secondary shoot 3.0 cm 


3.0 cm 


5.0 cm 


2 


Main shoot 7.5 cm 
Secondary shoot 0.5 cm 


Main shoot 10.0 cm 
Secondary shoot 5.5 cm 


4.6 cm 


7.0 cm 


3 


Main shoot 14.0 cm 
Secondary shoot 3.5 cm 


Main shoot 15.5 cm 
Secondary shoot 10.5 cm 


9.5 cm 


I 1 f\ r»rr\ 

I I .u cm 


4 


Main shoot 18.5 cm 
Secondary shoot 6.0 cm 


Main shoot 19.5 cm 
Secondary shoot 14.0 cm 


13.0 cm 


16.0 cm 


5 


Main shoot 23.0 cm 
Secondary shoot 10.0 cm 


Main shoot 24.0 cm 
Secondary shoot 18.0 cm 


17.0 cm 


21.5 cm 


6 


Main shoot 27.0 cm 
Secondary shoot 14.0 cm 


Main shoot 29.0 cm 
Secondary shoot 23.0 cm 


22.0 


28.0 



Example 3 

Method of Butane Enhanced Sunflower Plant Growth in Sand 
[0066] An experiment was conducted to determine if butane enrichment could 
support luxurious plant growth in sand where very little organic material is available. Six 
Nalgene plastic vessels (three for butane enhanced growth and three for controls), each 
approximately 1 1 cm. in diameter and 12 cm. deep, were prepared with three 0.4 cm 
drainage holes drilled in each base. Each butane enhanced growth vessel was prepared 
with a 12 cm section of Teflon tubing as shown in Fig. 5 and connected at one end to a 
syringe port equipped with Teflon-coated septum for butane injections. Nine butane 
injection holes were placed at 1 cm intervals along the tubing inside the vessel. Four 
vessels were filled with approximately 800 cm 3 of Paver Construction Sand (non-sterile) 
and two vessels contained sterilized Caribbean beach sand (see Fig. 5). 

[0067] Each vessel contained one sunflower (Sun Gold - Golden Yellow Double) 
seed placed at a depth of 5.0 cm below soil surface. Each vessel was then watered with 
100 ml spring water and positioned on its own drainage tray on a shelf approximately 60 
cm below two 33 watt grow light tubes (no sunlight) equipped with a timer set for 16 
hours light on, 6 hours light off. 
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(0068] Ambient temperature was recorded, water was sprinkled evenly over the 
soil surface of each vessel, and n-butane was injected into the root zone (rhizosphere) 
through the syringe port of the butane enhanced growth vessel according to the regimen 



shown in Table 4. 

Table 4 
Butane Injection Schedule 



Day No. 


Time 


Volume of Butane 


Water Added 


Ambient 
Temperature 


1 


16:00 


240 ml 


200 ml 


21.0°C 


2 


16:00 


180 ml 


100 ml 


20.0° C 


6 


13:00 


240 ml 


30 ml 


20.0° C 


7 


15:30 


200 ml 


none 


20.0° C 


8 


14:00 


200 ml 


30 ml 


20.0° C 


9 


16:30 


200 ml 


10 ml 


20.0° C 


10 


13:30 


200 ml 


None 


20.0° C 


11 


06:00 


200 ml 


25 ml 


20.0° C 


13 


19:00 


200 ml 


10ml 


20.0° C 


14 


14:00 


200 ml 


25 ml 


20.0° C 


15 


15:00 


200 ml 


none 


22.0° C 


16 


15:30 


200 ml 


None 


22.0° C 


17 


13:00 


200 ml 


none 


22.0° C 


20 


14:00 


200 ml 


20 ml 


22.0° C 


21 


15:00 


200 ml 


none 


22.0° C 


1 22 


13:30 


200 ml 


none 


22.0° C 


23 


Experiment Ended. 



[0069] Final seed growth was observed after 23 days. Final growth measurements for 
all seeds are recorded in Table 5. 
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Table 5 
Seedling Height 



Day No. 


Butane Enhanced 
Paver Sand 


Butane Enhanced 
Caribbean Beach 
Sand 


Control 
Paver Sand 


Control 
Caribbean Beach 
Sand 


23 


20 cm, 6.0 cm 


no seed growth or 
germination 


17.0 cm, 5.5 cm 


no seed growth or 
germination 



[0070] On Day No. 23, all growth vessels were unearthed. All seeds germinated in 
the Paver Sand. No seed growth or germination was observed in the sterilized beach sand (see 
Figs. 6 and 7). This demonstrates the importance of having a healthy and established 
microbial population present in the soil near the root zone, rhizosphere or germinating seed 
that will utilize butane as a food source and express the requisite enzymes that enhance plant 
growth and other plant attributes. 

[0071] After the plants were unearthed and soil was removed to the extent possible 
without damaging the roots, the main (longest) roots of one control plant and butane enhanced 
plant were compared (Fig. 8). The final growth for the control plant was 17.0 cm. The final 
growth for the butane enhanced plant growth was 20.0 cm. Of particular note was the root 
development in the butane enhanced plant. The root development was thicker and more 
robust. 

Example 4 

Method of Butane Enhanced Com Growth in Sand Using Butanated Water 
[0072] An experiment was conducted to compare corn seed growth in Paver Sand 
using butane gas injection and butanated water. Paver sand was used to determine if 
butane enrichment could support corn seed development in a nutrient poor sand (typical 
arid or desert environment). As shown in Fig. 9, three Nalgene plastic vessels (one for 
butane gas injection, one for butanated water addition and one for a control), each 
approximately 1 1 cm. in diameter and 12 cm. deep, were prepared with three 0.4 cm 
drainage holes drilled in each base. The butane gas injection vessel was prepared with a 
12 cm section of Teflon tubing (see Fig. 2) and connected at one end to a syringe port 
equipped with Teflon-coated septum for butane injections (Butane Injection vessel). 
Nine butane injection holes were placed at 1 .0 cm intervals along the tubing inside the 
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vessel. Fig. 10 shows the devices that were used for butanated water addition. Butane 
gas 40 was injected under pressure using a syringe 41 into a 40-ml VOA vial 42 
containing 30 ml of distilled water 43, headspace 44, and a cap 45. After butane gas 
injection into the VOA vial 42 and rigorous shaking, the contents were poured on the 
sand surface in the appropriate vessel (Butane Water vessel). All three vessels were 
filled with approximately 800 cm 3 of non-sterile Paver Construction Sand Soil. 

[0073] Each vessel (Butane Injection, Butane Water and Control) contained two 
corn seeds. A Peaches and Cream Sweet Com seed and Honey and Cream Sweet Com 
seed were placed at the 12:00 and 6:00 positions in each vessel, respectively. The seeds 
were inserted approximately 5.0 cm below the sand surface. Each vessel was then 
watered with 100 ml spring water and positioned on its own drainage tray on a shelf 
approximately 60 cm below two 33 watt grow light tubes (no sunlight) equipped with a 
timer set for 16 hours light on, 6 hours light off. 

[0074] Ambient temperature was recorded and water was sprinkled evenly over the 
soil surface of the Butane Injection vessel and the Control vessel. Butane was injected into the 
root zone (rhizosphere) through the syringe port of the Butane Injection vessel according to 
the schedule shown in Table 6. Butanated water was poured onto the sand surface of the 
Butane Water vessel. The Control vessel received only light and water. 



Table 6 
Butane Injection Schedule 



Day No. 


Volume Injected Butane 
Gas 

(Butane Injection Vessel) 


Volume Butanated 
Water 
(Butane Water Vessel) 


Water Added 
(Only Butane Injection 
and Control Vessels) 


Ambient 
Temperature 


1 


50 ml 


50 ml 


• 30ml 


21°C 


2 


50 ml 


50 ml 


30 ml 


21°C 


3 


50 ml 


50 ml 


30 ml 


21°C 


4 


50 ml 


50 ml 


30 ml 


21°C 


5 


50 ml 


50 ml 


30 ml 


21°C 


6 


50 ml 


50 ml 


30 ml 


24° C 


7 


50 ml 


50 ml 


30 ml 


24° C 


8 


. 50 ml 


50 ml 


30 ml 


22° C 


9 
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10 


50 ml 


50 ml 


30 ml 


91° C 


11 


50 ml 


50 ml 


30 ml 


Z I 


12 


50 ml 


50 ml 


30 ml 


Z 1 C 


13 


50 ml 


50 ml 


30 ml 


z\ c 


14 


50 ml 


50 ml 


30 ml 


Z 1 


15 


50 ml 


50 ml 


30 ml 


nor 
Z 1 C 


16 


50 ml 


50 ml 


30 ml 


z\ u 


17 


50 ml 


50 ml 


30 ml 


21 U 


18 


50 ml 


50 ml 


30 ml 


21 C 


19 


50 ml 


50 ml 


30 ml 


25 C 


20 


50 ml 


50 ml 


30 ml 


O CO 


21 


50 ml 


50 ml 


30 ml 


25 C 


22 


50 ml 


50 ml 


30 ml 


25 C 


23 


50 ml 


50 ml 


30 ml 


25° C 


24 


50 ml 


50 ml 


30 ml 


25° C 


25 


50 ml 


50 ml 


30 ml 


25° C 


28 


Experiment terminated. 



not recorded 



[0075] Final seed growth was observed after 28 days. On the final day, a photo was 
taken showing the Butane Water seed growth as compared with the Control seed growth (Fig. 
11). Fig. 12 shows the same comparison with the plants unearthed. Fig. 13 compares the 
growth of all three experimental vessels. 

[0076] The butanated water vessels showed plants with thicker root development and 
more robust corn plant development as compared with the control plants and the plants that 
received butane gas through injection. 

[0077] In conclusion, butane inj ection enhanced plant, seed and bulb growth. 
However, butane injection as a liquid could potentially result in damage to crops, 
germinating seeds or developing plant roots since butane as a liquid flashing to a gas is 
cold (-0.5°C boiling point). On the other hand, butane as a gas is difficult to deliver 
precisely to a root zone without significant losses to the atmosphere. Dissolving butane 
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into water and applying the water to growing plants or seeds is a direct and efficient 
method to deliver butane into the rhizosphere. 

[0078] Whereas particular embodiments of this invention have been described 
above for purposes of illustration, it will be evident to those skilled in the art that 
numerous variations of the details of the present invention may be made without 
departing from the invention. 
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